Abstract. The role of microRNAs (miRs) as possible biomarkers and therapy targets has been extensively investigated in a number of types of cancer. However, the aberrant expression of miRs in laryngeal squamous cell carcinoma (LSCC), particularly during the progression of the disease, is poorly understood. In the present study, the role of miRs as possible novel early pre-diagnostic biomarkers of LSCC was investigated. TaqMan probe stem-loop quantitative polymerase chain reaction was utilized to accurately measure the amount of miR-148a and miR-375 in clinical samples of mild dysplasia, moderate dysplasia, severe dysplasia, cancer in situ, laryngeal cancer and normal epithelial controls. The application of miR-148a and miR-375 as potential predictive biomarkers for early diagnosis of LSCC was analyzed. The results of the present study suggested that miR-148a and miR-375 were significantly upregulated in LSCC tissues, and increased expression of miR-375 was associated with a more aggressive phenotype of LSCC. Additional investigation revealed that miR-148a and miR-375 increased during different dysplasia stages of LSCC carcinogenesis, and high-level expression of miR-148a or miR-375 in patients with laryngeal dysplasia may predict subsequent malignant transformation. miR-148a and miR-375 were significantly upregulated during LSCC carcinogenesis and may serve as possible predictive biomarkers for early diagnosis of LSCC.
Introduction
Head and neck squamous cell carcinoma is the sixth most commonly observed cancer worldwide, and its mortality rate is ~50% (1) . Approximately 600,000 new cases are reported worldwide each year (1) . Laryngeal squamous cell carcinoma (LSCC) accounts for ~25% of all head and neck squamous cell carcinomas (2) . Although the 5-year survival rate of LSCC is ~60% (3), outcomes have not improved over the previous three decades for the majority of patients (1) . One of the major reasons for the poor outcome is the low rate of diagnosis (4) . The progression of LSCC may undergo several different phases: Dysplasia (including mild dysplasia, moderate dysplasia and severe dysplasia), cancer in situ (CIS) and LSCC (5) . To identify novel biomarkers that indicate the early stages of LSCC, or specific biomarkers for various individuals, is urgently required for the early detection of LSCC and the development of individualized therapies. Therefore, the role of microRNAs (miRs) as possible biomarkers and targets for therapy has been extensively investigated in a number of types of cancer (6) (7) (8) .
miR is a class of gene regulator that is able to suppress the expression of proteins via base pairing with the 3'-untranslated region of target messenger RNA (9) (10) (11) . Accumulating evidence has indicated that miRs have significant roles in diverse biological processes, and the dysfunction of miRs may be implicated in a number of diseases, including cancer (12) (13) (14) (15) (16) (17) . Altered miR expression patterns have been reported in LSCC. For example, miR-21 and miR-106b are upregulated in LSCC cancerous tissues compared with adjacent non-tumor tissues (18) . miR-34a/c, miR-370 and miR-206 have been reported to be downregulated in human LSCC tissues (19) (20) (21) . miR-203 has additionally been reported to be downregulated in laryngeal squamous cell carcinoma and is able to suppress proliferation and induce apoptosis of tumors (22) . However, the aberrant expression of miRs in LSCC patients and their expression during the earlier stages of the disease are poorly understood.
According to microarray data of miR expression in tumor and dysplasia tissues of 10 LSCC patients with dysplasia (23), miR-148a and miR-375 were differentially expressed in the dysplasia and tumor tissues of 1 patient. In the present study, TaqMan probe stem-loop quantitative polymerase chain reaction (qPCR) was utilized to accurately measure the amount of miR-148a and miR-375 in LSCC cancer tissues, CIS tissues, mild dysplasia, moderate dysplasia and severe dysplasia tissues, as well as normal controls. It was observed that miR-148a and miR-375 were significantly upregulated in LSCC tissues, and the increased level of miR-375 in LSCC was significantly associated with a more aggressive tumor phenotype. Receiver-operating characteristic (ROC) curve analysis suggested that expression levels of miR-375 may be used as markers, with high sensitivity and specificity for LSCC diagnosis. Furthermore, miR-148a and miR-375 levels increased gradually during laryngeal carcinogenesis, and an increased expression level of miR-148a or miR-375 may predict LSCC progression and could serve as an early biomarker of LSCC. (24) , with 20 patients classified as I-II and 9 patients classified as III-IV. A total of 169 patients had no previous medical history, whilst 4 patients had a history of high blood pressure and 6 patients had a history of dyslipidemia. The present study was approved by the ethical board of Beijing Tongren Hospital.
Materials and methods

Specimens
RNA extraction. Total RNA was extracted from formalin-fixed, paraffin-embedded tissue sections with the miRNeasy FFPE kit (Qiagen China Co., Ltd., Shanghai, China) according to the manufacturer's protocol. Tissue sections were sliced (5-20 µm thick) and the first 2-3 sections were discarded. Deparaffinization solution was added to deparaffinize the paraffin-embedded tissue at 56˚C for 3 min, and subsequently buffer PKD was added and mixed by vortexing. Following centrifugation for 1 min at 11,000 x g, 10 µl proteinase K was added to the lower, clear phase and incubated at 56˚C for 15 min, followed by incubation at 80˚C for 15 min with buffer PKD. The incubation at 80˚C in buffer PKD partially reversed formaldehyde modification of nucleic acids. The lower, clear phase was transferred into a fresh microcentrifuge tube and incubated on ice for 3 min. The supernatant was subsequently transferred to a fresh microcentrifuge tube following centrifugation for 15 min at 20,000 x g, taking care not to disturb the pellet. DNase booster buffer was added equivalent to a tenth of the total sample volume and 10 µl DNase I stock solution was additionally added and incubated at room temperature for 15 min. Buffer RBC was added to adjust the binding conditions, and ethanol (100%) was added to the sample. Precipitates were visible following the addition of ethanol. The sample, including any precipitate, was transferred to an RNeasy MinElute spin column and centrifuged for 15 sec at ~8000 x g, following by washing with buffer RPE. Finally, RNase-free water was directly added to the spin column membrane to elute the RNA.
Complementary DNA (cDNA) synthesis. cDNA was synthesized using Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). A stem-loop reverse transcription primer was utilized for the reverse transcription of miR. Primers were designed using DNAMAN software (Lynnon Biosoft, San Ramon, CA, USA) and were synthesized by Life Technologies (Thermo Fisher Scientific, Inc.). Primer sequences are presented in Table I . Following RNase-free DNase treatment (5 U/1µg RNA), 500 ng total RNA was mixed with reverse transcription primer and dNTPs, incubated at 65˚C for 5 min and then placed immediately on ice. Subsequently, the mixture containing reverse transcription buffer, DL-Dithiothreitol, M-MLV reverse transcriptase and RNase inhibitor was added and incubated at 37˚C for 50 min, followed by a final reverse transcriptase inactivation step at 75˚C for 5 min. cDNA samples were stored at -80˚C until required for PCR analysis.
qPCR assays. qPCR was performed using a CFX96 Real-Time PCR Detection System (Bio-Rad Laboratories, Inc., Hercules, CA, USA) with TaqMan probes (Applied Biosystems; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. No cDNA template reactions were set up as negative controls and U6 snRNA was amplified as an endogenous control. All reactions were performed in triplicates. The PCR conditions were as follows: 95˚C for 30 sec, followed by 40 cycles of 95˚C for 5 sec and 60˚C for 34 sec. The experiments were repeated three times and the data were normalized using the endogenous U6 small nucleolar RNA. The 2 -ΔΔCq method was utilized for the normalization of PCR data (25) . Primers were designed using DNAMAN software (Lynnon Biosoft) and were synthesized by Life Technologies (Thermo Fisher Scientific, Inc.). Primer sequences are presented in Table I .
Statistical analysis. The comparison between miR-148a and miR-375 expression in laryngeal cancer, mild dysplasia, moderate dysplasia, severe dysplasia, CIS and normal epithelial tissues was evaluated using the independent samples t-test (two-tailed). Correlations of miR-148a and miR-375 expression with patient tumor stages were performed using the t-test followed by the Bonferroni multiple-comparison correction. P≤0.05 was considered to indicate a statistically significant difference. The ROC curve analysis and all other statistical tests were performed using GraphPad Prism version 5 (GraphPad Software, Inc., La Jolla, CA, USA).
Results
miR-148a and miR-375 are significantly upregulated in LSCC.
To accurately evaluate the expression of miR-148a and miR-375 in LSCC, qPCR using TaqMan probes was performed to measure the amount of miR-148a and miR-375. The present study initially investigated the expression of miR-148a in the laryngeal cancer tissues of 23 LSCC patients and 29 non-matched normal epithelial tissues. The expression level of miR-148a in the majority of the laryngeal cancer tissues was increased compared with that in normal epithelial tissues, and the average expression of miR-148a in laryngeal cancer samples was significantly increased compared with that in the normal controls (P<0.001; Fig. 1A and B) . In addition, the present study examined the expression of miR-375 in the laryngeal cancer tissues of 29 LSCC patients and 32 normal epithelial tissues. The number of clinical samples used to measure the expression levels of miR-148a and miR-375 differed, as clinical samples with poor amplification results were not analyzed. The expression of miR-375 in normal epithelial tissues was extremely low, and its expression in the majority of laryngeal cancer tissue samples was increased compared with that in normal tissues (Fig. 1C) . The average expression of miR-375 in laryngeal cancer samples was significantly increased compared with that in the normal controls (P=0.048; Fig. 1D ). In summary, the data indicated that miR-148a and miR-375 were significantly upregulated These results suggested that the expression levels of miR-375 may be useful as a marker, with high sensitivity and specificity for LSCC diagnosis ( Fig. 2A and B) .
High levels of expression of miR-148a and miR-375 are associated with aggressive phenotypes of LSCC.
To additionally investigate the association between the expression of miR-148a and miR-375 and patient clinicopathological characteristics, the relative expression of miR-148a and miR-375 in LSCC tissues was statistically analyzed. Association analysis revealed that the mean expression level of miR-148a in LSCC tissues of stage III/IV was increased compared with that in tissues of stage I/II; however, this difference was not significant (P= 0.091; Fig. 2C ). High levels of miR-375 in LSCC were significantly associated with a more aggressive tumor phenotype (P=0.043; stage I/II vs. III/IV; Fig. 2D ).
The association between increased levels of miR-375 and a more aggressive phenotype of LSCC indicates that miR-375 may have a significant role in LSCC carcinogenesis.
miR-148a and miR-375 levels increase during various stages of LSCC carcinogenesis.
The progression of LSCC undergoes several different phases: Dysplasia (including mild dysplasia, moderate dysplasia and severe dysplasia), CIS and LSCC (Fig. 3A) . To additionally investigate the potential role of miR-148a and miR-375 in LSCC carcinogenesis, the present study measured the levels of miR-148a and miR-375 in these various phases. The present study initially examined the expression of miR-148a in 19 mild dysplasia, 26 moderate dysplasia, 32 severe dysplasia and 35 CIS tissues, and additionally compared the expression level with that in the normal controls and LSCC tissues described previously. 
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The results revealed that the expression level of miR-148a in mild dysplasia tissues was significantly increased compared with that in normal epithelial tissues (P<0.0001). The mean expression of miR-148a increased gradually during LSCC progression from the moderate dysplasia stage. The level of miR-148a in severe dysplasia tissues was increased compared with that in moderate dysplasia tissues (P=0.047); the level in LSCC was additionally increased compared with that in moderate dysplasia tissues (P=0.049; Fig. 3B ). The expression level of miR-375 was additionally examined in 19 mild dysplasia, 29 moderate dysplasia, 34 severe dysplasia and 36 CIS tissues, and additionally compared the expression level with that in the normal controls and LSCC tissues described previously. The results revealed that the mean expression of miR-375 increased gradually during LSCC progression from dysplasia. The expression level of miR-375 in mild dysplasia tissues was significantly increased compared with that in normal epithelial tissues (P=0.027); the level in LSCC was additionally higher compared with that in mild dysplasia tissues (P=0.048; Fig. 3C ). These results suggested that miR-148a and miR-375 may have significant roles in dysplasia and LSCC progression.
Positive association between the expression level of miR-148a of miR-375 and malignant transformation.
To additionally investigate whether increased expression of miR-148a or miR-375 in patients with dysplasia is able to predict disease progression, the present study analyzed the expression of miR-148a and miR-375 in the dysplasia tissues of a number of malignantly transformed patients. Among the patients with 
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dysplasia or CIS, only a small number of patients progressed to LSCC and thus, the number of malignantly transformed patients and non-malignantly transformed patients was different. The mean expression level of miR-148a in the dysplasia tissues of 3 malignantly transformed patients was significantly increased compared with that in currently nonmalignantly transformed patients (P<0.0001; Fig. 4A ).
The expression level of miR-148a in CIS tissues of 4 malignantly transformed patients was also slightly increased compared with that in currently nonmalignantly transformed patients (Fig. 4B) . The mean expression level of miR-375 in the dysplasia tissues of 3 malignantly transformed patients was slightly higher compared with that in currently nonmalignantly transformed patients (Fig. 4C) . The expression level of miR-375 in CIS tissues of 4 malignantly transformed patients was significantly increased compared with that in currently nonmalignantly transformed patients (P=0.0016; Fig. 4D ). These results suggested that patients with increased expression of miR-148a or miR-375 may be more prone to malignant transformation. The association between the expression level of miR-148a or miR-375 and malignant transformation requires additional investigation in an increased number of clinical samples.
Discussion
In the present study, the expression of miR-148a and miR-375 was examined in a number of patients with laryngeal dysplasia or LSCC, and the potential application of the expression of these miRs in LSCC diagnosis was investigated. The expression profiles of miR-148a and miR-375 in LSCC indicated that they are significantly upregulated in LSCC, and their increased levels were additionally associated with more aggressive tumor phenotypes. Additional analysis suggested that miR-375 may serve as a potential biomarker for LSCC diagnosis. Several innate properties of miRs mean that they are attractive as potential biomarkers. miRs are small and stable against degradation and can be detected easily by specific and sensitive qPCR in small quantities of sample. miRs are additionally detectable in bodily fluids, including serum, plasma, saliva, urine and tears (26, 27) . Furthermore, expression profiles of miRs in the plasma and/or serum of cancer patients may 
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reflect the change in expression of miRs in tumor cells (28) . Circulating miRs may represent a novel class of non-invasive biomarkers for cancer diagnostic and prognostic information. Therefore, the present study examined the expression levels of miR-148a and miR-375 in the serum of LSCC patients and investigated the potential application of circulating miRs in LSCC diagnosis. The present study investigated the expression of miR-148a and miR-375 during various phases of LSCC progression and observed that miR-148a and miR-375 increased during different stages of LSCC carcinogenesis. Notably, the association analysis of miR expression with disease progression indicated that increased expression of miR-148a or miR-375 in patients with laryngeal dysplasia may predict subsequent malignant transformation and may therefore serve as an early biomarker of LSCC. Early diagnosis of cancer is crucial for improving cancer therapy. To intervene or administer treatment at early or precancerous stages may prevent disease progression or carcinogenesis, and is important for increasing recovery rates and improving patient quality of life (29, 30) . Therefore, association between the expression levels of miR-148a or miR-375 and malignant transformation require additional investigation in a larger number of clinical samples and the potential application of miR-148a or miR-375 as early biomarkers of LSCC requires further investigation.
The aberrant expression of miR-148a has been reported in various forms of cancer, including hepatocellular carcinoma, bladder, breast and gastric cancer (31) (32) (33) (34) . However, no previous studies have examined the expression level of miR-148a in laryngeal carcinoma. To the best of our knowledge, the present study is the first to report the aberrant expression of miR-148a in LSCC. Recently, miR-148a was identified as a target of H19 and involved in regulating LSCC progression (35) . The detailed function and mechanism of miR-148a in regulating LSCC progression required further investigation. The expression level of miR-375 in paired-LSCC tissues has been previously investigated (18) . Yu et al (18) reported that miR-375 was downregulated in LSCC tissues, which was inconsistent with the results of the present study. This previous study compared the expression of miR-375 in LSCC tissue with adjacent normal tissues (18) . Increasing evidence has suggested that normal tissues adjacent to cancer are not necessarily normal. For example, gene expression data from pancreatic cancer and adjacent normal tissue specimens demonstrated that the adjacent normal tissues had already acquired a number of transcriptional alterations and was not an appropriate baseline for comparison with cancer (36) . A similar phenomenon has been observed in colorectal cancer patients (37) . Therefore, the change in expression of miR-375 between LSCC tissues and adjacent normal tissues was not in accordance with that between LSCC tissues and normal laryngeal tissues. The authors of the present study propose that the expression profile of miR-375 in a number of tissues in the various phases of LSCC progression presented in the current paper may reflect the expression changes of miR-375 during LSCC progression in vivo more appropriately. The detailed function and underlying mechanism of miR-375 regulation of LSCC carcinogenesis requires additional investigation.
In conclusion, the present study determined that miR-148a and miR-375 levels are increased during LSCC progression, and high levels of expression of these two miRs was associated with aggressive phenotypes of LSCC. Notably, an increased expression level of miR-148a or miR-375 in patients with laryngeal dysplasia may predict subsequent malignant transformation, and these results suggest that miR-148a and miR-375 may serve as potential predictive biomarkers for early diagnosis of LSCC.
